Abstract Immigrants have disproportionate lack of access to healthcare and insurance. Emergency departments could serve as a healthcare substitute and increased demand can negatively affect the US emergency services system. Medical Expenditures Panel Survey (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008) data was modeled to compare emergency departments (ED) use between non-citizens, foreign-born (naturalized), and US-born citizens. Group differences were assessed using non-linear decomposition techniques. Non-citizens were less likely to use ED services (8.7 %) compared to naturalized immigrants (10.6 %) and US-born Americans (14.7 %). Differences in ED use persisted after adjusting for the Behavioral Model covariates. Healthcare need and insurance partially explained the differences in ED use between the groups. Between 2000 and 2008 non-citizen immigrants used markedly less ED services compared to US citizens, regardless of their nation of origin. We also found that demographic and healthcare need profiles contributed to the divergence in use patterns between groups. A less restrictive healthcare policy environment can potentially contribute to lower population disease burden and greater efficiencies in the US health care system.
Introduction
The proportion of US immigrants will nearly double between 2010 and 2050 [1] . Evidence about how different healthcare policy environments affect immigrant access to care is currently underdeveloped [2, 3] . A significant concern is the potential over-reliance among immigrants on emergency department services.
Healthcare disparities among immigrants have been documented [3, 4] with considerable variation reported within and between immigrant groups. Contributors to these disparities include socio-economic factors that enable healthcare access, legal residency issues that are compounded by length of residence, acculturation, and difficulty integrating into a new culture [4] [5] [6] Predisposing characteristics (e.g., racial/ethnicity), may reinforce such disparities. Differential healthcare access among immigrants, especially insurance coverage, has widened recently; notably following the 1996 welfare reform and subsequent economic downturns [7, 8] . A substantial proportion of immigrants will continue to face access restrictions under the affordable care act (ACA) [9] .
Disproportionate access to insurance [10] and primary and preventive care [3, 11] services can negatively affect immigrants' healthcare behavior. Lower use of these services has been documented among both privately and publicly insured immigrants [12] , affecting citizens and non-citizens alike [13] . Neither group fully converges with the higher access of US-born citizens [13] . Reduced access to healthcare services, especially due to lack of insurance, could shift help-seeking to less appropriate and efficient modes of healthcare, such as emergency departments (ED) [14] . Lower access also leads to delays in treatment until more severe symptoms and disease complications occur, therefore requiring more intensive interventions [15, 16] .
The continuing shift in population toward more immigrant-centered households, if associated with an increase in use of ED services for routine non-acute services, could herald future pressures on the emergency services system. The ED care system is not structured to accommodate the resulting increase in demand, which could exacerbate ED overcrowding, delay access for patients with critical needs, reduce patient satisfaction, further drive up costs, and reduce providers' profitability [17] [18] [19] [20] .
The three main purposes of this study were to: (1) provide a detailed accounting of ED use with policyrelevant immigrant classifications; [21] (2) examine associations between ED use and citizenship status using a Behavioral Model of healthcare access and utilization; [22, 23] and (3) determine the most important factors associated with differences in immigrants' ED services use. We conclude with a set of recommendations that could enhance efficiencies in US healthcare access and use.
Methods

Data
We used data from the Medical Expenditures Panel Survey (MEPS) full-year consolidated files. The yearly files can be used to generate calendar year estimates for the US noninstitutionalized population. Since the MEPS does not collect respondents' citizenship status, we linked the MEPS files to data from the National Health Interview Survey which include this information [24] . To increase sample size and permit time trends analyses, we aggregated 9-years of MEPS data (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . The combined files were linked to a common variance structure file that allows investigators to combine multiple years and generate valid population statistical inferences [25] . Detailed analysis guidelines and technical treatments of MEPS/NHIS data linkage and MEPS yearly files aggregation are available elsewhere [24, 25] . Between 2000 and 2008, the MEPS response rates varied between 66.3 and 56.9 % [26] .
Main Outcome
Self-reported past-year ED use was used to generate a dichotomous indicator with a ''no ED visit'' and a ''one or more visits'' group. The total number of visits reported was also examined to ensure the robustness of our findings to rival outcome operationalization.
Main Predictor
Self-reported immigration status and nativity were used to create a three-category indicator of US-born citizens (USB); naturalized foreign-born (FB) citizens (immigrants who have obtained US citizenship) and FB non-citizens. We used ''citizenship groups'' and ''citizenship status'' interchangeably to refer to these groupings. Neither the MEPS nor the NHIS include information on immigrants' documentation status. The non-citizens category combines legal permanent residents (slightly less than half of noncitizens), as well as undocumented and ''other'' immigrants [27, 28] .
Multivariate Model Covariates
We used a Behavioral Model of healthcare services access approach [22, 23] to test for main predictor modifications and explain possible difference in ED use between groups. Our healthcare access enabling factors included: (1) insurance status (i.e. private insurance, public insurance; and uninsured), (2) household income-to-poverty threshold ratio accounted for using a MEPS staff generated indicator (\100 %; 100-124 %; 125-199 %; 200-399 %; and C400 %) [29] , and (3) usual source of care (USC) availability (No; Yes). Our predisposing factors included: (1) self-reported ethnicity/race grouped into four categories (Non-Latino Whites, Non-Latino Blacks, Latinos/Hispanics, or Non-Latino ''Other''), (2) age (18-34; 35-44; 45-54; 55-64 ; and 65-years and older), (3) gender (Female; Male), and (4) education level (\high school; high school; some college; and college or more). We assessed healthcare need factors using four dichotomous indicators including: (1) A general self-rated health indicator [30] based on the question: ''In general, would you say your health is Excellent, Very Good, Good, Fair, or Poor?'' (recoded as: Poor/Fair; Good/Very Good/Excellent), (2) medical conditions including angina, asthma, coronary heart disease, diabetes, hypertension, reporting having a heart attack or other heart conditions, stroke, emphysema, and joint pain (none; at least one), (3) pastyear healthcare provider visit (No; Yes), and 4) one or more past-year hospital discharge (No; Yes). Finally, we controlled for possible regional effects (Northeast; Midwest; South; and West) and urbanicity using Metropolitan Statistical Area residence as a proxy (MSA; non-MSA), and accounted for time using a categorical survey year indicator setting 2000 as the reference.
Analytic Approach
We used the survey procedures available in the Stata 12.1 software, adjusting for the sample survey design, including stratification, clustering and probability weighting when applicable and allowing correct population inferences. Our population of interest was adults 18-years and older residing in the US, chosen because of the bimodal concentration of ED use among both young and older adults [31, 32] . Observations with missing data on the model covariates (5.25 % of the sample) were excluded. Compared to our analytical sample, the excluded subsample did not present statistically significant differences in ED services use or expenditures. The analytical sample included n = 167,889 respondents representing yearly weighted population counts of 198,156,235 US residents.
Our analyses were done in five steps. First, we provided descriptive statistics for study variables by citizenship status. Second, we calculated average prevalence of ED use over the study period. Next, we generated a profile of healthcare services expenditures and use for ED users and non-users by citizenship status. To examine expenditures we looked at overall spending as well as ED and hospitalization expenditures. To examine use we looked at frequency of ED use, primary care visits, and hospitalization discharges. We used Chi squared and Wald adjusted independence and means tests to establish statistical differences. Third, we looked at time trends in ED use by citizenship status to examine stability of use overtime. Graphs of these trends were subsequently generated. Given the lack of difference in ED expenditures by citizenship status among those who reported ED services use (see ''Results''), we focused our attention on the propensity to use ED services. Fourth, we modeled the relationship between ED use and our covariates of interest. Logistic regression models were fit incrementally to test the relationship between our dichotomous indicator distinguishing between spenders and non-spenders and the main predictor and covariates of interest. Given the high differences in rates of uninsurance between citizenship groups we tested for the ED as a ''safety net'' immigrant care provider hypothesis by accounting for the interactive effects of citizenship status and insurance. Finally, we used Fairlie's nonlinear decomposition method [33] [34] [35] to investigate the factors contributing to the differences in propensity of use between the three considered groups. The method uses iterative sampling (500 in this study) and group matching techniques to partition the predicted gap in the probability of an outcome into differences explained by the distribution of model covariates in two groups of interest, and differences due to unobserved factors. Subsequently, it estimates the contribution of each model covariate to the explained difference between the groups [34] .
Results
Sample Characteristics
Descriptive statistics (Table 1) indicated that non-citizens were younger, and economically and educationally disadvantaged compared to citizens (both foreign and US-born). Non-citizens, also, had lower ''potential'' (health insurance) and ''realized'' (USC) levels of access to healthcare compared to the other groups. Non-citizens had favorable health profiles with less than a third reporting one or more chronic conditions (29.5 %) compared to a majority of both the FB (51 %) and USB (56.6 %) citizens.
Profiles of Healthcare Use and Expenditures
Results in Table 2 showed that immigrants, and particularly non-citizens, were less likely to use ED services compared to the USB. Rates of ED use increased between 2000 and 2006, but trended back to 2000 levels by 2008. The time trends were statistically comparable across the three groups (Fig. 1a) .Lower use among non-citizens was also evident with the other considered services; group members reported lower rates of physician visits, hospitalizations, and repeat use of healthcare services compared to the other groups. These findings were present among both users and non-users of ED services (Table 2) .
Non-citizens presented the lowest overall and hospitalization specific per-capita expenditures. These expenditures were highest among FB-citizens reporting an ED visit. Variations in per-capita ED expenditures for the three citizenship groups were not statistically distinguishable ( Table 2) . As expected, however, given the lower insurance prevalence in the group, the out of pocket proportion of ED spending was highest among non-citizens compared to both citizens and the US-born.
Citizenship Status, Insurance and ED Use
Results in Table 3 showed that citizens, especially the USB, had higher odds of ED use compared to non-citizens. Differences were maintained after fully adjusting for our enabling, predisposing and need factors. Accounting for the covariates slightly attenuated the odds of ED use among the USB (Model 2). Insurance status presented different effects within citizenship groups (Model 3). Lack of insurance decreased the probability of use among the two FB groups, but the effects of un-insurance on the drop in the probability of use were significantly pronounced among non-citizens. Public insurance increased the probability of use among the USB. Predicted ED use profiles by citizenship grouping and insurance status are presented in Fig. 1b .
Covariates Effects
The statistical effects of the Behavioral Model factors were largely in the expected directions. The enabling effects of higher income on healthcare access were reflected in lower ED use. Among the predisposing factors, being African American increased the odds of use relative to Whites, while older age (compared to young adults; 18-34 years) and higher education decreased the odds of use. It is worth noting that the bivariate positive association between age (especially older age) and ED use was reversed in the fully adjusted model particularly after accounting for need factors. All need factors were associated with higher use, but, not surprisingly, distinctly high odds ratios were registered among those reporting at least one hospital discharge in the 12-month preceding the interview.
Sensitivity Analysis
To ensure the validity of our findings and guard against the possibility that our results were sensitive to our operationalization of ED use, we modeled the outcome as a count indicator (i.e. reported number of ED visits). A series of Poisson regressions were fit to estimate the effects of the main predictor and covariates on ED use. Similar results (not shown) were found. Complementing bivariate results presented in Table 2 , this extended the finding that noncitizens are less likely to use ED services and showed that they are also less likely to be repeat users relative to the USB.
Explaining Differences in Probability of Use
We found that less than half (44.0 %) of the ED use probability differential (D(pr) = 0.06) between the USB and non-citizen groups was explained by our model covariates (Fig. 2) . The highest contributors to the inflated use levels among the USB included reporting a doctor's visit (18.5 %), hospitalization (17.9 %), medical conditions (15.5 %), and insurance status (10.1 %). Conversely, the younger age (7.7 %) and higher poverty levels (7.3 %) of the non-citizens group increased their probability of use relative to the USB by about 15 %.
The capacity of the model covariates in explaining the USB/FB-citizen use differential (D(pr) = 0.04) was slightly higher than two-fifths (42.4 %) of the evidenced difference (Fig. 2) . Hospitalization (21 %), and age (8.8 %) were the most salient contributors to the increase in use among the USB. Lastly, our model covariates explained more than fourfifths (84.6 %) of the difference in probability of use (D(pr) = 0.02) between the FB groups (Fig. 2) . Our decomposition indicated that reporting a doctor's visit (48 %), medical conditions (41.6 %), insurance status (30.0 %), hospitalization (16.4 %), and reported health status (10.0 %) inflated the estimated levels of use among FB-citizens. Inversely, age (33.6 %), poverty (21.3 %), and the ethnic/racial (18.3 %) structure of the non-citizen population inflated their probability of use relative to FB-citizens. 
Discussion
Two major findings emerged from this work. First, immigrants, particularly non-citizens, were less likely to use ED services compared to the US-born respondents, consistent over 9 years of study. Within the FB groups, naturalized immigrants were more likely to report ED use compared to non-citizens. Second, ED use differentials between groups were partially explained by Behavioral Model factors. Higher healthcare need and insurance coverage were the most salient determinants of higher ED use among citizens, both foreign and US-born, compared to non-citizens. Given concerns about the capacity of the ED system for dealing with an enlarged number of both patients and responsibilities [20] , this work provides evidence to presently dissociate higher ED use from the combined effects of immigration status and un-insurance [17] . Non-citizen immigrants, especially the uninsured, have low level of ED use despite federal laws mandating service provision irrespective of insurance status and extending emergency Significantly different than non-citizens P \ 0.01 * Significantly different than non-citizens P \ 0.05 à Significantly different than FB-citizens P \ 0.01
Medicaid services when individuals are ineligible for full public coverage [36] . Our results show that both naturalization and nativity are associated with gradually higher rates of ED use, and that healthcare needs partially explain ED use differences between groups. These findings provide support for both the ''healthy migrant'' and negative acculturation hypotheses [37] . The foreign-born population is currently younger [38] and healthier than the US-born [39] . However, in coming decades immigrants, especially non-citizens, will age and form a larger share of the elderly population [1]. As their age, acculturation, and healthcare need profiles change and their health advantages decline they will require more healthcare services [37] . Immigrant neutral public health policies are needed to offset these trends. Therefore, federal restrictions aimed at undocumented and some legal immigrants in the early years following immigration as stipulated in the American affordable care act (ACA) [9, 21, 40] , and scaled back federal and state initiatives, although politically necessary, could prove shortsighted. They can potentially increase patient burden and add unnecessary costs as a result of substandard preventive care, and inefficient healthcare services use, including at EDs [41, 42] .
The interactive effects of citizenship status and insurance present more challenging findings. In particular, the notably lower probability of ED use among uninsured noncitizens, and the relatively equal probability clustering of the insured foreign-born irrespective of citizenship. We put forward two considerations to explain this. First, uninsured noncitizens possibly withhold use until care access enabling channels (e.g. insurance) or favorable immigration status change is secured. Legal status is a likely influence on immigrants' decision of where, when, and for what to seek care [6, [43] [44] [45] [46] Despite the lack of longitudinal studies designed to specifically test for care delay and its association with immigration status change, regional studies [47, 48] and immigrant ethnic specific research consistently document higher healthcare services use in general, and ED use in particular, among citizens compared to non-citizens and undocumented individuals [6, 44, 49] . Second, uninsured non-citizens delay use until they reach more acute, and likely resource intensive, levels of healthcare needs [43] . Fear and misinformation can affect access to healthcare among uninsured non-citizens [50] [51] [52] [53] Indeed, in a recent report the American College of Physicians calls for a national immigration policy on healthcare to prevent the consequences of these apprehensions [54] , and acknowledges that they ''can result in increased pain and suffering due to delay in treatment until patients are acutely ill, and ultimately places a greater burden on the health system'' p. 13. We explained less than half of the differences in use between immigrants (both citizens and non-citizens) and the USB. Several possible contributors including patient preference, perception of need and case seriousness, convenience and timeliness of care, previous experience and trust in ED care providers, among other factors were not accounted for in our models. [55] [56] [57] Future work should address the possible contribution of these factors, as well as the explicit role of fear and misinformation, in explaining differences among citizenship groups.
Policy solutions to increase healthcare efficiencies and reduce costs should facilitate rather than restrict more effective and prompt use of healthcare among immigrants. First, increase efforts, especially through workplace, churches, and schools, to target immigrants immediately following their arrival to the US. Use community resources and culturally appropriate channels to increase and instill awareness about correct healthcare habits. Second, reduce current barriers to healthcare access, including employer provided insurance and ability to participate in health insurance exchanges as stipulated by the ACA, enabling preventive and timely care and stemming the development of more complicated and expensive medical conditions. Third, focus on appropriate financing of health programs and investments that increase geographic availability and access to lower cost healthcare providersespecially, health centers, urgent care centers, and community clinics [58, 59] . These providers are equipped for providing good quality and timely preventive and non-acute medical care at lower costs [60] , yet are less likely to service healthcare vulnerable populations [61] .
Concurrent policy solutions need to be devised to target all ED users, irrespective of citizenship status. However, results on intervention measures aimed at shifting ED use such as higher deductibles and copays, managed care, patient level care planning and case management, user follow-up and communication with primary care providers are inconclusive [32, 62] . Other methods such as more aggressive triage processes present ethical challenges [63] . More research and better data is needed to understand the complexities and variations in patient ED use decisionmaking and the best mix of incentives that could alter it.
Several limitations to this work should be noted. First, we do not distinguish between urgent and non-urgent care. To our knowledge, no generalizable definitions of ''urgency'' (other than pain) exist [56] , with previous work suggesting a low prevalence in cases were emergent care is not preventable or avoidable [64] . Second, we were unable to control for the effects of some factors (e.g. users preferences and perceptions, convenience, trust) that have been shown to impact ED use [14, 56] . Third, neither the MEPS nor the NHIS include information on immigrants' documentation status so we could not isolate the effects of legal residency on use patterns. Grouping non-citizens into a broad category can mask structural heterogeneity in legal, demographic, socio-economic, and cultural status. It is especially important to indicate that undocumented immigrants face higher barriers to health insurance and healthcare access in the U.S [6, 9, 40, 45, 46, 65] . Fourth, due to design adjustments by AHRQ, not all MEPS observations could be linked to NHIS immigration records. However, we found no statistically significant differences in ED use among the matched and unmatched groups, which is consistent with previous work [66] . Finally, self-reported measures could be subject to recall and other exogenous individual biases, however, validation studies suggest favorable characteristics [67] [68] [69] [70] .
Conclusion
Between 2000 and 2008, we found that immigrants, especially non-citizens, used ED at a lower level than the US-born. Immigrants, particularly uninsured non-citizens, do not currently present a disproportionate burden on the US healthcare system. However, changes in immigrant group members' demographic and healthcare need profiles and stringent limitations on access to healthcare might exert untoward pressures on the healthcare system capacity through increased dependence on EDs as a first choice and last resort for medical care. 
